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Abstract 
The Ct-integral has an equivalent role to the J-integral in the context of time-dependent creep behavior in quasi-
static problems. Because of the time-dependent effects of creep deformation, there is no one parameter that 
characterizes the stress state around the crack tip for all circumstances. The appropriate parameter to use depends on 
the details of the constitutive law (whether the law describes primary, secondary, or tertiary creep) and on the stage 
of deformation of the material around the crack tip. In addition, creep deformation can occur in either an initially 
elastic or an initially plastic stress field. When the initial response of the material is linear elastic and secondary 
creep dominates the creep behavior, the stress intensity factor, KI, and the path independent integral, C*, are the 
relative loading parameters. For small-scale creep (that is, when elastic strains dominate almost everywhere in the 
specimen except in a small zone that grows around the crack tip), KI governs crack growth initiation. If, however, 
the creep zone becomes large compared to the specimen size and the elastic strains small compared to the creep 
strains, C* is the appropriate fracture parameter. For stationary cracks Ct characterizes the rate of growth of the 
crack-tip creep zone under small-scale creep conditions and is also related to the stress intensity factor KI. Under 
extensive secondary creep conditions, *CCt o and is path independent throughout the extensive creep region. 
This paper takes into account the evaluation of Ct-integral as a function of time for a shallow edge-crack in a half 
space subjected to constant Mode I far-field tensile loading. The effect of thickness on creep relaxation of stress 
around the crack tip has been also investigated. Similar to J-integral, the values of Ct-integral decrease as the 
thickness of the specimen decreases. The rate of the Ct-integral reduction reduces by decreasing the thickness. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Norwegian University of Science and Technology (NTNU), Department of 
Structural Engineering. 
Keywords: Ct-integral; Finite Element Analysis; Stress Relaxation. 
* Corresponding author. Tel.: +98-21-84063299. 
E-mail address: h_moayeri@dena.kntu.ac.ir 
4 Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
tion and pe r- eview under responsibility of the Norwegian University of Science and T ch ology (NTNU), Department 
of Structural Engin ering
1186   Hamed Moayeri Kashani /  Procedia Materials Science  3 ( 2014 )  1185 – 1190 
1. Introduction 
The Ct-integral has an equivalent role to the J-integral in the context of time-dependent creep behavior in quasi-
static problems. Because of the time-dependent effects of creep deformation, there is no one parameter that 
characterizes the stress state around the crack tip for all circumstances. The appropriate parameter to use depends on 
the details of the constitutive law (whether the law describes primary, secondary, or tertiary creep) and on the stage 
of deformation of the material around the crack tip by Landes and Begley (1976). In addition, creep deformation can 
occur in either an initially elastic or an initially plastic stress field. Riedel (1981) discusses which parameters are 
correct for different circumstances. When the initial response of the material is linear elastic and secondary creep 
dominates the creep behavior, the stress intensity factor, KI, and the path independent integral, C*, are the relative 
loading parameters. For small-scale creep (that is, when elastic strains dominate almost everywhere in the specimen 
except in a small zone that grows around the crack tip), KI governs crack growth initiation. If, however, the creep 
zone becomes large compared to the specimen size and the elastic strains small compared to the creep strains, C* is 
the appropriate fracture parameter. For stationary cracks Ct characterizes the rate of growth of the crack-tip creep 
zone under small-scale creep conditions and is also related to the stress intensity factor KI. Under extensive 
secondary creep conditions, *CCt o and is path independent throughout the extensive creep region. 
This paper takes into account the evaluation of Ct-integral as a function of time for a shallow edge-crack in a half 
space subjected to constant Mode I far-field tensile loading. The effect of thickness on creep relaxation of stress 
around the crack tip has been also investigated. 
2. Finite Element Analysis 
This section illustrates the evaluation of the Ct-integral as a function of time for a stationary crack under 
secondary power law creep conditions by ABAQUS. A shallow edge-crack in a half space subjected to constant 
Mode I far-field tensile loading, is considered. The geometry is shown in Fig. 1. Initially the edge crack is stress 
free. At time t=0+ a tensile stress ( NV ) is applied suddenly on the circular boundary and held constant thereafter. 
The instantaneous response is purely elastic since creep deformation develops over a period of time. The crack-tip 
stress field is, thus, initially characterized by linear elastic fracture mechanics. With the load held constant, 
subsequent creep deformation causes a relaxation of the crack-tip stresses until, as fot , a steady-state stress 
distribution is reached. 
 
 
 
Fig. 1. Geometry for edge-crack specimen. 
The results for this problem are documented by Bassani and McClintock (1981). The crack length, a, is 10 mm. 
As a result of symmetry, only one-half of the body needs to be analyzed. The mesh is comprised of CPE8R (plane 
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strain) and CPS8R (plane stress) elements. The singular elements have been used around the crack tip as shown in 
Fig. 2. 
 
 
 
Fig. 2. Mesh for portion of model (11 rings of radially focused elements). 
The material behavior includes linear elasticity and secondary creep response. The material is assumed to be 
isotropic elastic, with a Young's modulus of E=200 GPa and a Poisson's ratio of 0.3, and with uniaxial creep 
behavior defined by ncr AV H  where A is 5.0 × 10–12 per hour (stress in MPa) and n=3.  
The load is a constant far-field tension of 2000EN  V  applied to the circular boundary edge of the model by 
applying concentrated loads (equivalent to a pressure of 100 MPa) to the nodes on the circumference. The load is 
applied instantaneously and then held constant until steady-state creep conditions are reached. In addition, the effect 
of the thickness has been study on Ct-integral when the thickness of the specimen changes from t=1.5 mm to t=3 
mm. 
3. Results and Discussion 
Fig. 3 and Fig. 4 show the stress contour around the crack tip and the displaced shape of the mesh near the crack 
tip at steady state, respectively.  
 
 
 
Fig. 3. Stress contour around the crack tip. 
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Fig. 4. The displaced shape of the mesh near the crack tip. 
The Ct-integral is only path independent in the limiting case when steady-state conditions are reached. The path 
dependence of Ct during transient creep is shown in Fig. 5, which shows the variation of Ct with the radius of the 
contour, r, measured at different times during the early part of the creep history. Path independence is reached as 
time increases.  
 
 
 
Fig. 5. Ct-integral versus time for five contours. 
Fig. 6 compares the Ct values predicted by ABAQUS with the steady-state C* value, as well as with Riedel and 
Rice (1980) approximate models.  
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Fig. 6. Ct-integral versus normalized time. 
Since Ct is defined only on a contour of infinitesimal dimension around the crack tip at early times (before 
steady-state conditions apply), it is necessary to estimate its value by extrapolating the values provided by the 
ABAQUS to a contour with zero radius. Riedel and Rice (1980) proposed Eq. (1) between Ct and the stress intensity 
factor KI for small-scale creep.  
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where n is the power law constant and E and Q  are elastic constants. This approximation is shown in Fig. 6.  
The interpolation between short and long time behavior proposed by Riedel (1981) according to Eq. (2) also 
shown in Fig. 6.  
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where the transition time from small-scale creep to extensive creep is given by Eq. (3) as follow: 
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Similar to J-integral, the values of Ct-integral decrease by decreasing the thickness of the specimen. As Fig. 7 
shows, the rate of the Ct-integral reduction reduces by decreasing the thickness.  
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Fig. 7. Influence of thickness on Ct-integral. 
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